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Supplementary Methods: Solvation free energy calculations
To each of the simulated protein conformations, we applied the three-dimensional reference interaction site model (3D-RISM) theory 1 ( ) , and in the present study we adopted the one developed by Kovalenko and Hirata,
We used the same numerical procedure as described in Ref. 
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Supplementary Discussion:
Protein aggregation/protein-protein binding is a complex process and many factors come into play. The aggregation propensity/binding affinity is affected, e.g., by the electrostatic interaction at the protein-protein interface. However, the strength of the electrostatic interaction can be nontrivial since positively and negatively charged residues in a protein are typically unevenly distributed on the protein surface.
Our statement in the main text -two negatively charged β2m proteins would not approach each other if there were no water-mediated driving force to overcome the electrostatic repulsion -comes from our previous simulation work on the spontaneous dimerization of the 42-residue amyloid-beta (Aβ42) proteins. 3 We found that, after two monomers start to make atomic contacts, the electrostatic and van der Waals interactions at the protein-protein interface play a central role. However, before two monomers make atomic contacts, the inter-monomer interaction is essentially repulsive, in spite of the fact that the positively and negatively charged residues are unevenly distributed on the Aβ42 surface.
(Aβ42 monomer has a -3 net charge comprising 6 negatively charged residues and 3 positively charged residues). This is demonstrated in Supplementary Fig. S1 : whereas the data points are scattered reflecting the heterogeneous charge distribution of Aβ42 (i.e., the inter-monomer interaction depends not only on the center-of-mass distance but also on the relative orientation), it is seen that the inter-monomer interaction is essentially Coulomb repulsion while two Aβ42 proteins approach from a large separation (~80 Å) to a contact distance (~30 Å). Although we cannot draw a corresponding figure for β2m since we did not conduct the dimerization simulation, it is expected that this is a general feature that applies when two proteins approach each other from a large separation to a contact distance. 
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